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Thesis Summary 
   Since the rediscovery of paper-based analytical devices (PADs), various studies on applicable 
sensing mechanisms, patterning techniques, assay reagent deposition methods, and signal readout 
approaches have been performed, but the importance of chemometrical approaches on device 
efficiency is often disregarded. Therefore, in spite of their high potential for practical application, PADs 
have not been commercialized. Chemometrics as a chemical discipline has the ability to overcome the 
remaining weak points such as device optimization, data analysis, and image processing.  
In this regard, this thesis is aiming to address the potential of chemometrics in fabrication of reliable and 
sensitive PADs for point-of-care diagnosis. The main focus of this research is on the development of 
PADs assisted by design of experiments, along with an investigation on image processing and data 
analysis. 
   Chapter 1 consists of two parts. The first part describes a brief review of paper-based analytical 
devices, and the second part introduces chemometrical techniques. 
   Chapter 2 describes a comparative study of different experimental designs including Box-Behnken 
design, central composite design, and D-optimal design in optimization of paper-based analytical 
devices. For this purpose, a simple colorimetric method using methyl orange as an indicator and 
isoniazid as an analytical target has been utilized. The mentioned designs were employed to optimize a 
single device, and the advantages and disadvantages of each design have been practically investigated. 
In this work, in order to minimize the errors caused by manual detection zone selection and to accelerate 
the color values analysis, a MATLAB-based algorithm was developed and employed. 
   Chapter 3 describes a chemometrics-assisted colorimetric uric acid assay on inkjet-printed 
microfluidic paper-based analytical devices (µPADs). For this purpose, design of experiments, data 
analysis, and image processing methods were employed in the µPAD development. In the optimization 
step, due to experimental constraints, a Box–Behnken design was utilized. In the data analysis step, a 
partial least squares discriminant analysis (PLS-DA) based on image profiles was successfully 
implemented as an automatic procedure for outlier classification. 
   Chapter 4 describes fabrication of a paper-based isoniazid assaying analytical device optimized by 
central composite design. The design of experiments approach contributed to reduce the total amount of 
required experiments and therefore, to time and cost savings. For this purpose, a seven-factor 
experimental design consisting of a total of 46 experiments was used for investigation of the impact of all 
probable factors on the device efficiency, simultaneously. 
   Chapter 5 summarizes the results of this thesis and gives an outlook on future developments. 
